P 2017, 'Phenolic metabolism and molecular mass distribution of polysaccharides in cellulose-deficient maize cells', Journal of integrative plant biology, vol. 59, no. 7, pp. 475-495. https://doi.15 biosynthesis; ferulic acid; xyloglucan 16 17 Cell wall reinforcement in cellulose-deficient maize cells 18 19 2 20 ABSTRACT 21 As a consequence of the habituation to low levels of dichlobenil (DCB), cultured maize 22 cells presented an altered hemicellulose cell fate with a lower proportion of strongly wall-23 bound hemicelluloses and an increase in soluble extracellular polymers released into the 24 culture medium. The aim of this study was to investigate the relative molecular mass 25 distributions of polysaccharides as well as phenolic metabolism in cells habituated to low 26 levels of DCB (1.5 uM). Generally, cell wall bound hemicelluloses and sloughed polymers 27 from habituated cells were more homogeneously sized and had a lower weight-average 28 relative molecular mass. In addition, polysaccharides underwent massive cross-linking after 29 being secreted into the cell wall, but this cross-linking was less pronounced in habituated 30 cells than in non-habituated ones. However, when relativized, ferulic acid and p-coumaric 31 acid contents were higher in this habituated cell line. Feasibly, cells habituated to low levels 32 of DCB synthesized molecules with a lower weight-average relative molecular mass, 33 although cross-linked, as a part of their strategy to compensate for the lack of cellulose. 34 35 3 65 notable advances in our knowledge about heteroxylan synthesis and assembly in recent 66 years, some aspects still remain unclear. Elucidation of its metabolism is particularly 67 4 challenging, and also has important economic implications. In line with this, the use of cell 68 cultures habituated to cellulose biosynthesis inhibitors (for a review see Acebes et al. 2010) 69
INTRODUCTION
Heteroxylans are the main non-cellulosic polysaccharides in the Poales primary (type II) 37 cell wall (Fincher 2009; Peña et al. 2016) , playing a major structural role in tethering 38 cellulose microfibrils; hence, they are involved in cell expansion and plant growth. 
201
In Snh cells, the elution profiles of the different diagnostic fragments at early logarithmic 202 phase were similar, mainly eluting at a Kav ranging from 0 to 0.5 and at the V0 ( Figure 4A ).
203
However, Mr distribution of the undigested 3 H-polymers and the polymers from which 204 [ 3 H]xylobiose was released showed a higher degree of similarity between them than with 205 the remaining profiles.
206
At late logarithmic phase, Snh elution profiles differed from those observed at the early 207 logarithmic culture stage described above ( Figure 4B 
313
This finding was especially surprising, and two possible explanations arise to explain this altered 314 cellular fate: it may be caused by 1) a reduction in "binding points" to cellulose and/or 2) a 12 reduced capacity to incorporate arabinoxylans into the cell wall via extra-protoplasmic 316 phenolic cross-linking.
317
As cross-linking is closely related to the Mw of polysaccharides and to phenolic metabolism, 318 both were investigated in the present study, in several cell compartments of Sh1.5 cells 319 throughout the culture cycle. This was achieved through in vivo feeding experiments with 
323
The first question emerged was whether low DCB habituation levels entailed modifications 324 in the Mw of hemicelluloses and polymers. In general, Sh1.5 cells showed more 325 homogeneously sized and smaller 3 H-polysaccharides populations that were more similar 326 among cell compartments, regardless of the culture phase, than those from Snh. These 327 results, and the suitability of the experimental approach, were supported by the observation 328 that these trends were consistent in the elution profiles of the different diagnostic fragments 
343
A possible explanation for these findings is that cells habituated to low DCB levels 344 synthesized 3 H-molecules with a lower and similar Mw as a strategy to cope with the lack 345 of cellulose, considered as "mild" when compared with that observed in cells habituated to Figure S5 ).
361
In addition, a previous study on maize cells habituated to medium and high DCB levels 
405
In order to explore these possibilities, an analysis was performed of cinnamic acid 406 metabolism as well as a characterization of its derivatives on protoplasmic fraction and in 407 the cell wall. First, no marked differences were detected in the capacity to uptake and 3 H-polymers took place (de Castro et al. 2015) . However, and despite this reduced 417 capacity, the relative content in ferulate dimers and oligomers was higher in Sh1.5 cells.
418
These results are in accordance with those previously observed in maize cells habituated to 419 high DCB levels (Mélida et al. 2010b (Mélida et al. , 2011 supporting the hypothesis that a greater cross-420 linked network of hemicelluloses, mainly arabinoxylans, would be crucial for the cell wall 421 reinforcing strategy in DCB-habituated maize cells. Thus, the results suggest that the lower 422 Mw of hemicelluloses and polymers detected in Sh1.5 cells was not related to a lower degree 423 of cross-linkage through ferulic acid. Alternatively, hemicelluloses and polymers from 424 habituated cells were in fact shorter, albeit extensively cross-linked.
425
Another possibility could be that dimerisation (or oligomerisation) of ferulic acid residues 426 contributed to the formation of intra-polymeric loops to a greater extent (Fry et al. 2000) .
427
Consequently, Sh1.5 hemicelluloses would be deposited on the cell wall as a coagulum. were derived from maize callus cultures habituated to grow in 12 μM DCB which were 530 transferred into liquid medium supplemented with 6 μM DCB (Sh6). Growth curves of Snh 531 and Sh1.5 maize cell lines were obtained by measuring the increase in dry weight at different 532 culture times and it was observed that Sh1.5 cells presented longer culture phases than Snh 533 cells (de Castro et al. 2014) . Therefore, these growth curves were subsequently used to select 534 the most appropriate days for sampling in order to ensure that Snh and Sh1.5 cell lines were 535 at the same stage of the culture cycle. Thirteen-ml aliquots from Snh and Sh1.5 maize cells cultures were collected at early 540 logarithmic and late logarithmic growth phases and each 13-ml aliquot was independently 541 fed with 1 MBq of L-[1-3 H]arabinose (148 GBq/mmol; Amersham International, Bucks., 542 U.K). The days on which the 13-ml aliquot of culture was sampled and [ 3 H]arabinose was 543 added, were adjusted depending on the cell line at early and late logarithmic phases. Thus, 544 for the early logarithmic phase, the 4 th and 8 th days of culture were chosen for Snh and Sh1.5 545 cell lines, respectively (see de Castro et al. 2014 ). In the case of late logarithmic phase, the 546 8 th and 12 th days were selected for Snh and Sh1.5 cell lines, respectively. In order to obtain 547 an optimal quantity of radio-labelled 3 H-hemicelluloses and 3 H-polymers, samples for The cell suspension was then thawed at 1.5°C and transferred to the 10-ml glass mortar of 566 a Potter-Elvehjem homogeniser by rinsing with 1 ml of chilled homogenisation buffer (x3 567 times), and then homogenised with a motor-driven Teflon pestle for 10 min. The Samples of cell-free medium, protoplasmic and cell wall fractions were dialysed against 586 distilled water with 0.1% (w/v) chlorobutanol at 4°C for 72 h, using a 12 kDa cut-off and 1.5 587 cm diameter dialysis membrane. Then, the dialysed samples were centrifuged for 15 min at 588 3000 rpm in order to separate the soluble from the insoluble material in water.
589
To identify the void volume (V0) and the totally included volume (Vi), 6 mg dextran (5-40 590 MDa) and 0.8 mg glucose, respectively, were added to 4 ml of this 3 H-polymer solution as 591 markers. The polymers were then size-fractionated on Sepharose CL-4B (72 ml bed volume 592 in a 1.5-cm-diameter column) in pyridine/acetic acid/water (1/1/23 by vol. pH 4.7 593 containing 0.5% chlorobutanol) at 12.5 ml/h. Fractions were assayed for total 3 H and the 594 the curve is equal (100%) in each frame. Mw values, derived from the median Kav(1/2) of 831 the profiles and then converted to Mw via a calibration curve, are included in the text frame. ↓ less mRNA accumulation than control (Snh). ZmUbi: Ubiquitin gene expression.
910
Ubiquitine was used as the housekeeping gene due to its constitutive expression.
911
Table S1. Primers used for the analysis of maize arabinoxylan synthesis genes.
